For instance, the &dquo;reliability&dquo; of the scale is usually computed using one of a number of historically interesting formulae. However, this statistic is often the only index of virtue reported for a newly constructed scale, regardless of the fact that a reliability of .8 may be obtained in any of the following ways: (1) a short test with items strongly related to the trait being measured, (2) a long test with either many mediocre items or some combination of good and poor items, or (3) a long test on which the items precisely measure two or three moderately related (or possibly unrelated) traits. The reliability of .8 under the conditions described in (1) represents good measurement; similar reliability obtained with (2) represents possibly acceptable measurement. However, such reliability obtained under the conditions described in (3) probably represents an instrument with little if any meaning.
To distinguish between (1) and (2), the classical theory offers the computation of item-score correlations, but to compute those correlations, the test must be scored. This poses a problem: Should the score be a simple sum or a weighted sum of the item responses or some transformation? It is difficult to decide before the item analysis is completed. In addition, item-score correlations do not distinguish (3) from (2); to do that requires factor analysis. If the scale is factor analyzed, however, should it be scored 212 with raw scores or factor scores? What is the &dquo;reliability&dquo; of a factor score estimate? The answer to that question has been given by Cattell and Radcliffe (1962) and Heise and Bohmstedt (1970) , but the answer is not part of a system and so has not been widely used. Item response theory (IRT) (Bock & Wood, 1971; Hambleton & Cook, 1977; Lord, 1980; Weiss & Davison, 1981) . However, even though Damarin (1970) Bejar's (1977) application to two personality scales of Samejima's (1973) model, which is for continuous responses of an unusual form: numbers chosen from the closed zero-one interval to reflect degrees of endorsement of the item. Andrich (1978) proposed a binomial model for Likert- (Kristof, 1963 (Kristof, , 1969 The intent of the data analysis described here is test construction. To this end, somewhat ad hoc models will be used at times: models that include parameters or structure suggested by the data but not directly theoretically interpretable. This is not recommended practice for scientific model building. However, in this case, the ad hoc sections of the model will usually be directly related only to items which will eventually be abandoned due to their incomprehensible complexity with respect to the model under consideration. Use of a model that actually fits the data may reduce bias in the estimation of important structural parameters; therefore, data-directed model-modification will be used to achieve a satisfactory fit.
To clarify the consequences of these ideas, an illustration is provided below of scale construction making use of the techniques of restricted factor analysis. The topic of the attitude scale is romantic jealousy. Since substantive considerations are an important part of scale construction in this approach, a moderately detailed discussion of the subject matter is provided. However, the content of the scale is not important-the illustration is intended to be prototypic of attitude scale construction.
The Subject of the Illustration: Propensity Toward Jealousy in Romantic Relationships
The work of White (1979 White ( , 1981 and Aronson and Pines (1979) Results. The analysis began with the data from the &dquo;jealous&dquo; question only. An exploratory procedure using the techniques of restricted factor analysis permits a more refined approach. The single common factor analysis described above provides an estimate of the covariance matrix; subtracting that from the observed covariance matrix gives a matrix of residuals, also shown in Table 2 , which may be used to suggest improvements in the model. Examination of the residuals in Table 2 suggests three classes of large residuals from the single-factor model: 1. There are two &dquo;group factors,&dquo; one for the group of items denoted &dquo;Set B&dquo; in Table 1 factor.
The large residuals between sequentially adjacent items suggest that for some pairs of stories, the response to the first story influenced the response to the second. This is not surprising, although it suggests lack of local independence. However, individual elements of the residual variance-covariance matrix may be estimated in addition to the common structure. This reduces the bias in the estimates of the common factor loadings which accrues from a poorly fitting model. Consequently, in the (now) three-factor model, estimated residual covariances were added corresponding to the underlined elements in Table 2 . The seven double-underlined residual covariances in Table 2 Table 3 Parameters and Standard Errors for the Three-factor, Correlated
Residual Model for the Data in Table 2 Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright. Lord & Novick, 1968, pp. 112-114) Lord (1957) . In this case, the hypothesis that only a single factor is being measured, not two, was rejected.
Discussion. It is somewhat surprising that this test construction procedure was successful in only two &dquo;iterations.&dquo; One would expect to learn, again, from Sample II and to go on to Sample III (or perhaps IV) to develop the scale that met the criteria. It may be that jealousy and threat are easy to measure. It is likely, however, that the existence of the very precise criteria for scale construction used here-one factor, equal loadings, specified reliability-facilitate fast scale construction.
Conclusions
Within the framework of item response theory, this paper has developed a set of criteria for attitude scale construction, and has described and illustrated a set of procedures to meet those criteria; these procedures and criteria should greatly simplify the construction of multi-item scales to measure specific attitudes or traits.
Straightforward goals of scale construction yield the criteria. A scale should (1) measure one attitude or trait; (2) be optimally scored by simple summation of the item responses; and (3) be as short as possible, compatible with its desired reliability. Those goals, in combination with a suitable item response model, yield the criterion that the fit of a single-common-factor model with equal item loadings should not be rejected, using the standard likelihood ratio test and a reasonable sample size. The sample does Table 7 Parameters and Standard Errors of Equal Weights Models for the Data of Table 6 not need to be very large, since only two parameters are estimated: the common loading and the unique item variance. The estimated interitem correlation is then easily computed, and the Spearman-Brown formula gives the length of the final scale and/or its reliability.
The computations necessary for all of this make use of widely available computer programs for constrained estimation in the factor analysis model. In this paper LISREL IV (Jbreskog & Sbrbom, 1978) has been used; other programs may be available now or in the near future. If the criteria specified here were met for attitude scales constructed in the future, use and interpretation of those scales would be greatly enhanced.
